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ABSTRACT 
Sodium and Potassium Nutrition Studies of 
Halogeton glomeratus (M. Bieb) C.A. Mey 
by 
Ali A. A1helal, Master of Science 
Utah State University, 1979 
Major Professor: Dr. George W. Wel kie 
Department: Biology 
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Halogeton glomeratus (M. Bieb) C.A. Mey when grown in nutrient 
solution, caused the solution pH to decrease very rapidly as plants 
increased in size, especially during the fifth week of growth. This 
might be attributed to hydrogen ion exchange for cations. Also, the 
cation uptake, especially Kand Na, may exceed that of the major 
anions. The control of pH is effective in increasing shoot weights 
markedly. 
In general there was no difference between plants grown at the 
sarre NaCl concentration at low and high relative humidity. An 
increase in plant size, shoot weights, leaf 1ength and diameter was 
detected for plants receiving NaCl at both levels of relative 
humidity. The highest shoot weights were obtained at the highest 
NaCl concentrations used in this experiment; 0.3 and 0.2 M NaCl at 
low and high relative humidity, respectively. 
When both Kand Na were varied at low relative humidity, and 
normal K concentration was 0.006 moles/1, an increase of 0.016 
ix 
moles K/1 with no NaCl was as effective in increasing most plant 
measurements as was the corresponding concentration of 0.01 moles 
i~a/1 at nonna 1 K concentration. The shoot fresh weight was maximum 
at 0.1 M NaCl and 0.006 moles K/1 and was significantly different 
at 95% confidence from all the other treatments. Sodium was 
inhibitory for plant growth at 0.5 moles/1, while K was moderately 
inhibitory at 0.106 moles/1 and this inhibition was reduced by the 
addition of low or medium concentrations of sodium up to 0. 1 M 
NaCl. 
Chlorophyll content expressed on leaf fresh weight basis 
decreased with increased salinization. Values were lower with Na 
at 0. l moles/1 than the corresponding K concentration of 0.106 
moles/1. The decrease in chlorophyll content can be attributed to 
the greater increase in size and number of nonchlorophyll containing 
cells with salinization than those containing chlorophyll, and no 
increase in chloroplasts per cell. On a dry weight basis there was 
no decrease of chlorophyll with salinization, and no significant 
differences were noted. 
Water utilized by plants, as expressed on shoot fresh weight 
basis, decreased markedly by increasing Na, and slightly by 
increasing K with no or low Na. The results suggest but does not 
confirm that inadequate sodium may promote excessive transpiration 
leading to decreased leaf water potentials, reduced photosynthesis 
and reduced growth. 
(93 pages) 
INTRODUCTION 
This study of growth and development responses of halogeton to 
salinization of liquid cultures was initiated to expand and clarify 
the information on the relative concentration effectiveness of Na and 
K ions on enhancement or inhibition, and to determine the response to 
Na ions as a function of relative humidity. Although parallel studies 
of growth water re 1 ations, photosynthesis, and 1 eaf ultrastructure 
were anticipated to interpret responses, few of these were accomplished 
due to time and space limitations and difficulties in maintaining 
nutrient solution conditions that would not become adverse to growth 
and survival of the plants. Studies to test the fo11owing hypotheses 
we re completed: 
1. Under 1ow atmospheric water stress (high humidity) the 
concentration of sodium required for optimum growth of halogeton will 
be no different than that required for optimum growth under high 
atmospheric water stress (1ow relative humidity) which is contrary 
to that observed with the c4 halophyte Atriplex halimus L. (12). 
2. The optimum Na concentration for halogeton growth and 
development will exceed the highest concentration previously tested 
(29) and will be close to an inhibitory concentration. 
3. The culture concentration of K will be a determining 
factor in establishing an optimum Na concentration for halogeton. 
4. Chlorophyll content of leaves in response to different Na 
2 
and K concentrations will not parallel those concentrations optimum 
fur grow�. 
5. Plant water utilization and transpiration of halogeton
based on shoot weight will not correspond to plant size in response 
to Na and K but will correspond to increased salinization. 
6. Optimum concentrations of Na and K for growth response of
Halogeton will be reflected in the greatest fresh and dry weights 
of plants, shoots, stems and leaves, as well as the largest sizes of 
leaves and stems, while high or low Kand/or Na concentrations will 




The literature on halophytes has been reviewed recently (1977) 
with particular emphasis on salt tolerance of solution-grown plants 
and pertinent physiology (11). A general conclusion reached was 
that most angiospermous halophytes are distinguished from glycophytes 
by their ability to accumulate ions to high concentrations, 
principally in vacuoles of leaf cells because of some unknown regula-
tion mechanisms that increase transport to the shoot and across the 
tonoplast. These halophytes are also distinguished by their ability 
to survive and complete their life cycle at high salinities (near 
300 mM), and by their ability to exhibit large increases in wet weight 
and lesser increases in dry weight in the presence of electrolytes at 
concentrations above those normally present in nutrient solutions. 
For different halophytic species there is considerable disagreement 
and some lack of certainty about which ions and at what concentration 
they must be present for growth stimulation. Of particular concern is 
whether sodium is an ion essential both at low concentrations for 
normal halophyte growth and reproduction, and at high concentrations 
for optimum growth. 
Sodium Essen ti a 1 i ty 
There is increasing evidence that sodium may be essential at low 
concentrations for certain angiosperm halophytes. Brownell (4, 8) 
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first confirmed that Atriplex vesicaria Heward ex Benth. would 
produce deficiency symptoms of chlorosis and necrosis if grown in 
nutrient solution containing extremely low concentrations of sodium 
(0.08 microequivalents per liter) but would produce a normal and 
increased growth with low sodium concentrations. Dry weight of leaf 
blades increased 7.3X with the addition of 0.02 milliequivalents 
sodium per liter and 10.7X with 0.1 or 0.6 milliequivalents sodium 
per liter. Similar trends were evident with total dry weight and 
fresh weight measurements. Black (2), however found the optimum dry 
\~eight increase for this species to occur at a much higher concentra-
tion of 20 milliequivalents sodium per liter. Later studies by 
Brownell (5), which included 13 additional atriplex species and 16 
other species from 7 families, revealed sodium deficiency symptoms 
in 9 of the 14 atriplex species and 6 additional species. Those 
species which exhibited a marked increase in dry weight when supplied 
with 0. 1 millequivalents of sodium per liter were all characterized 
by having the c4 type photosynthetic pathway or falling in a 
taxonomic group where species are known to be C4 types. None of the 
species having the c3 photoshythetic pathway characteristics exhibited 
any sodium deficiency symptoms. While the author points out that 
sodium essentiality might be linked to the c4 type CO2 fixation 
pathway, it is not clear if all the c4 species requiring sodium at 
low concentrations are halophytes according to the definition of 
Flowers et al. (11). 
Environmental Factors 
Determining a low sodium requirement or a positive growth 
response to high sodium or saline conditions can be influenced by 
environmental conditions. Relative humidity appears to be one 
important factor as was evidenced in a growth study with Atriplex 
halimus L. (12). Plants were grown at R.H. values of 27 and 63 
5 
percent in Knop's solution to which NaCl was added to obtain sodium 
at 0, 72, 120, 240 and 480 millequivalents per liter. With no added 
sodium the dry weights were 1.0 g and 5.2 g respectively for the low 
and high R.H. conditions. A maximum dry weight of 6.4 g was obtained, 
however, at the low R.H. with 120 millequivalents sodium per liter, 
while at this same sodium concentration the dry weight obtained at 
high humidity was only 4.8 g. This Atriplex species has the 
characteristic leaf anatomy of a c4 species and might be expected 
to require sodium at a low concentration. While only relatively 
high concentrations of sodium were used, the apparent need of high 
sodium only when the R.H. is low is unexplained and unconfirmed for 
this species and not demonstrated for any other halophyte. 
A photoperiod influence on plant growth response to a low 
sodium concentration has been observed with Bryophyllum tubiflorum 
Harvey, a Crassulasean acid metabolism (CAM) species (6). This species 
as well as a number of other facultative CAM species utilize a c4 
pathway of CO2 fixation at night but only when certain environmental 
conditions such as, water stress, hot days and cool nights, or short 
photoperiods prevail (18, 26, 9). When bryophyllum was grmAJn with 
long days which do not induce the c4 pathway to function at night, a 
6 
low sodium concentration (O. 1 millequivalents per liter) had no 
differential influence on dry we_ight. When plants were grown with 
short days, however, which do promote the c4 pathway to function at 
night, the low sodium resulted in a l.4X increase in dry weight. 
Another facultative CAM species Mesembryanthum crystallinum 
which increases dark (C4) fixation of CO2 with water stress al'so does 
so when salinity is increased (30). This effect may be the indirect 
result of an osmotic induced water stress at high saline conditions 
independent of any low sodium requirement by this species. 
Halogeton glomeratus 
Halogeton glomeratus (M. Bieb) C.A. - Mey (Chenopodiaceae) is 
an introduced succulent, halophytic, poisonous annual weed growing 
on more than 10 million acres of cold desert rangeland of North 
America (10, 31). Various aspects of its taxonomy, ecology, anatomy 
and physiology are reviewed and presented in a 1965 U.S.D.A. technical 
bulletin (10). Of particular importance is a study by Williams {29) 
on this species in which plant size, dry weight and oxalates were 
markedly increased when plants were supplied with sodiun. Control 
nutrient solutions contai_ned about 0.5 millequivalents sodium per 
liter, but when plants were supplied with l, 10 and 100 millequivalents 
sodium per liter the plant dry weights were increased 2.8, 3.4 and 5.9X 
respectively. It was not established whether the optimum sodium 
concentration for growth was at 100 millequivalents per liter or 
at some higher concentration. The data cited by Flowers et al., 
(11) for some other halophytes suggests the growth optimum may be 
at a sodium concentration above 100 millequivalents per liter. 
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The effects of high potassium concentration on Halogeton growth 
as reported by Williams (29) are also of interest. The maximum 
concentration of potassium added to the nutrient solutions was only 
10 millequivalents potassium per liter which was only l.6X the 
control. This amount did increase the dry weight, but less so than 
an equal amount of sodium (2X increase versus 3X). However, it was 
noted that plants receiving the increased potassium had a semi-
wilted appearance and their leaves were small, much like the controls. 
The response of Halogeton to much higher potassium concentrations 
without or \vith added sodium is not known. Both the concentrations 
and ratio of potassium to sodium may be important to optimal growth 
and condition of halogeton leaves. 
Halogeton has been identified as having leaf anatomy and a CO2 
compensation point typical of a c4 species (27). An examination of 
halogeton leaves from plants grown in normal nutrient solution with-
out added sodium and with sodium added at 100 millequivalents per 
liter has revealed some adverse differences in leaves from plants 
receiving low sodium (28). In addition to smaller and/or fewer 
cells in specific tissues of leaves from plants receiving no added 
sodium, the fine structure of the chloroplasts of the palisade but 
not the cubical mesophyll cells were abnormal. They were enlarged 
with disrupted larnella, numerous dispersed, electron-lucent tubuies 
and many more e 1 ectron-dense pl astogl obul es. vJhether the deficiency 
of sodium is having a direct or indirect effect on the chloroplasts, 
an adverse effect on growth might be expected since the palisade 
chloroplasts are responsible for energy and formation of the 
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acceptor molecule for the primary fixation of CO2. Yet unestablished 
is whether there is any correlation between photosynthesis capacity, 
chloroplast structure, growth response, and the nutritional concen-
trations of sodium and/or potassium for this species. The abnormal 
chloroplast structure observed in this species under low sodium 
conditions has not been reported for any other angiosperm halophyte. 
Although ultrastructure studies of Atriplex halimus leaves from plants 
grown with different sodium chloride concentrations have been 
described, the only adverse membrane effects noted were at very high 
salt concentrations (3). 
Role of Sodium 
No specific metabolic role for sodium in angiosperm halophytes 
is known, although deficiencies are reported to cause numerous 
metabolic changes in a number of species. A c4 species of atriplex, 
deficient in sodium and subsequently supplied with 0.6 millequivalents 
of sodium per liter, exhibited increased dark o2 consumption (7). 
Rates were increased about 1. 3X after 24 hours and almost as much after 
only 100 minutes. Chlorophyll was also increased by l.3X after 24 
hours. A sodium stimulated increase in starch, sugar and observed 
respiration responses to sucrose supplements of both sodium deficient 
and sodium supplemented plants indicated that part, if not all the 
observed increases in o2 cons ump ti on 1vere due to 1 ow substrate. A 
low substrate availability would be expected if photosynthetic 
capacity decreased in accordance with low chlorophyll concentration 
with deficiencies of sodium. However, other reported effects of 
sodium on photosynthetic activities of halophytes are inconsistent. 
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Salicornia rubra, a halophyte succulent species exhibited a marked 
increase in CO2 fixation with 192 millequivalents sodium per liter 
(the lowest addition) which coincided with increases in wet and dry 
weight. However, the same sodium concentration had an adverse 
effect on both fresh and dry weights and CO2 fixation of Oistichlis 
stricta a c4 species that grows in a somewhat less saline habitat 
(25). In neither species was the highest chlorophyll content (fresh 
weight basis) coincident with the maximum we~ghts or CO2 fixation 
rate (dry weight basis). The maximum chlorophyll content in 
salicornia occurred without sodium while the maximum chlorophyll in 
Oistichlis occurred at the maximum sodium concentration of 486 
millequivalents per liter. Studies of two other halophytes, 
Hesembryanthemum nodiflorum and Suaeda maritima revealed that the 
maximum fresh and dry weights occurred with 100 and 400 millequiv-
alents sodium per liter respectively, while chlorophyll content and 
CO2 fixation rate for both species was maximum, on both a fresh and 
dry weight basis, with no sodium (31). When CO2 uptake was calculated 
on a chlorophyll basis the maximum was coincident with the salinities 
that resulted in the maximum weight. In neither species was 
pronounced dark fixation typical of CAM species observed, although 
under more stressed conditions the 1•1esembryanthemum species has 
exhibited CAH qualities (30, 31). 
Effects of sodium on phosphoenolpyruvate (PEP) carboxylase 
activity _j_Q_ vitro and _j_Q_ vivo have been studied. This enzyme, which 
is responsible for the primary fixation of CO2 in c4 species and CAM 
species, is more inhibited by high sodium added in vitro with enzyme 
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prepared from c4 species than from c3 species, and surprisingly is 
also more inhibited by high sodium when prepared from a c4 halophyte 
as compared to ·c3 glycophytes (19). However, the~ vivo and in vitro 
activity of PEP carboxylase in the c4 halophyte grass Aluropus 
litoralis was increased when plants are grown under saline conditions 
(22). PEP carboxylase activity was increased many fold when plants 
were grown in half strength Hoagland's solution supplied with 100 
mi11equiva1ents sodium per liter compared to plants grown with no 
added sodium. In the same experiment a much lesser increase in this 
same enzyme was noted with the somewhat less salt tolerant c4 grass, 
Chloris gayana, when grown in saline solution. In contrast, this 
enzyme exhibited a progressive decrease (up to 30%) ~ vitro activity 
when Atriplex spongiosa a c4 halophyte, was grown with 1, 5, 100 and 
250 mi11equivalents sodium per liter (19). The results of these 
studies are difficult to compare, however, because the later study 
was based on leaf protein of enzyme extract and the fonner on leaf 
chlorophyll, and no information is given on salinity effects on the 
concentration of chlorophyll or protein. 
Osmotic Regulation, Turgor and Stomata 
The need of ce 11 turgor for ce 11 en 1 argement and grmvth is 
generally accepted. It is also well recognized that the accumulation 
of soil ions and organic solutes within cell vacuoles contribute to 
cell osmotic potential and allows maximum turgor to develop when 
cell water potentials and those of the root environment are able to 
come to equilibrium. Also, a saline root medium of low water 
potential makes it necessary for plant tissues to have high osmotic 
concentrations (low osmotic potentials) to achieve high turgor 
pressure as the water potentials approach equilibrium. There is 
considerable evidence that increased concentrations of inorganic 
ions in the root medium result in increased amount of these ions 
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in leaf cells along with increased organic solutes. Such increases 
have been demonstrated for Halogeton with sodium potassium and 
oxalates (29) which can contribute to cell turgor. 
Loss of water from leaves to the atmosphere can result in loss 
of cell turgor in all cells, as well as a decrease in water potential 
and a lesser increase in osmotic potential. Under such conditions of 
water loss, plant cells with lower osmotic potentials will maintain 
a greater turgor at a given water potential. Water loss by leaves 
is mainly through stomata and the regulation of stomatal pore size, 
which in part governs the rate of loss, is highly complex and still 
not fully understood. Recent reviews indicate it involves differential 
guard cell and epidermal cell turgor changes associated with influx 
of K+ and efflux of H+, balanced by fluxes of Cl- as well as regulation 
of organic anion levels (24, 21). It is also suggested that the 
direction of these processes are controlled by the pH of the cytoplasm, 
which in part is regulated by CO2 accumulation and consumption, 
o~ganic acid (malic) synthesis, compartmentalization of ions, and 
hormone effects, especially abscisic acid which may sensitize guard 
cells or chloroplast membranes to H+ ion efflux (21). 
The effect of sodium on stomatal response has been studied with 
several c3 species and several facultative CAM species but no c4 
species. Sodium adapted CAM species wh~ch open stomata during darkness 
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and close them in light have been shown to have leaf epidermal 
strips that respond to sodium (0.1 rooles/liter) by closing stomates 
in the light and opening them in darkness, and also show no response 
to potassium ions (24). Wi~ c3 tobacco epidermis sodium ions cause 
a reversal effect of potassium ions (0.01 1mles/liter) which cause 
stomatal opening in light and closure in darkness. Sodium causes 
stomata to remain open in the dark, and causes them to open only 
slightly in light (24). ~~ith mixtures of potassium and sodium ions 
in the bathing solution there is a more pronounced dark closure than 
with sodium alone. Both a metabolic role and osmotic role have been 
suggested for potassium and sodium in tobacco stomatal control but no 
metabolic roles are defined (24). While measured fluxes of potassium 
ions from guard cells to epidermal cells have been detected by several 
methods, no such fluxes of sodium have been detected (24). However, 
no analyses have been conducted on stomata of any c4 halophytes which 
may be more likely to reveal sodium fluxes in guard cells if it does 
occur. 
Sodium may not be involved in halophyte guard cell ion flux but 
could influence pore size by altering the difference in the turgor 
between the guard cell and epidermal cells, by increasing the osmotic 
concentration in epidermal cells to a greater degree than in the 
guard cells. If guard cell turgor cannot exceed that of the adjacent 
epidermal cells the stomates will not open and if there is very low 
turgor in the epidermal cells compared to the guard cells the 
stomates may not close .. Under conditions of water stress due to low 
air and soil water potentials adequate accumulation of sodium and 
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induced accumulation of organic solJtes in the epidermal cells 
could be necessary to increase epidermal cell turgor and restrict 
the size of the stomatal pores in light and insure closure in dark-
ness. Since c4 fixation is effective at low internal CO2 
concentrations which would occur with small pores reducing rate of 
CO2 diffusion, photoshythesis could still be adequate and water loss 
restricted if a sodium turgor in the epidermal cells was adequate 
to restrict the size:.of the stomatal pores. 
Some plants have been observed to transpire as much or more 
under high relative humidity as under low relative humidity at the 
same temperature because of a reduced stomatal pore size, suggested to 
be caused by a more rapid water loss directly from guard cells than 
from more cutinized epidermal cells, common in xerophytes (17). If 
this is also true for the halophytic xerophyte Halogeton, relative 
humidity should have little influence on water loss, cell turgor 
and growth of this species with equivalent sodium supply. A low 
sodium supply that reduces the turgor of epidermal cells could, 
however, require much more direct loss of water from the guard cells 
before the pores were reduced in size. This could require more time 
and result in a greater loss of water through the stomatal pores. The 
loss of water would reduce the epidermal cell turgor and could main-
tain the pores in a wide open state for a prolonged period which 
could result in rather low leaf water potentials. 
Although 1ow leaf water potentials will increase abscisic acid 
content in many leaves which in turn promotes stomatal closure (17), 
xerophytes have unusually low concentrations of abscisic acid and 
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exhibit very moderate increases of abscisic acid with water stress 
(16). If abscisic acid plays a negligible role in the stomatal 
closure in Halogeton, the salt induced turgor status of the leaf 
epidermal cells may be of critical importance to the regulation of 
pore size, plant water potential, plant turgor and growth. 
MATERIALS AND METHODS 
Germination 
Seeds of Halogeton glomeratus, collected from a desert in 
northern Utah in October 1977, were screened, cooled to 5° and 
15 
stored in a sealed container at this temperature. Black seeds were 
selected and distributed 30 per standard Petri plate over the surface 
of two layers of Whatman No. 1 filter paper, moistened with 3 ml of 
a 1/10 dilution of modified Hoagland's solution. Some of the earlier 
studies included sterilization of seeds with commercial bleach 
diluted 1 :10 and the addition of the fungicide benomyl at 0.2 mg/liter 
to the plates in an effort to reduce fungi evident on older plant 
roots. Seed coats were punctured with a needle after a few hours 
incubation to obtain more uniform seedling emergence. The Petri 
plates were placed in translucent plastic trays, lined with wet paper 
towels and loosely covered. These were maintained for 48 hours in a 
growth chamber •tJi th temperature and humidity day :night regimes of 
23:19°; and 94:95%, respectively, and a 16-hour photoperiod. 
Seedlings 
Obtaining seedlings that would result in uniform plants was 
a problem only partially resolved due in part to the nature of the 
seedlings. About 10 percent of the most vigorous seedlings with 
long, straight roots were selected and transferred to a supporting 
lid of an 11 liter polyethylene tray containing 9 liters of 1/3 
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strength modified Hoagland1 s solution. The number of seedlings 
transferred were 4 to 5 times the total number needed for treatment 
studies. The hypocotyl of each seedling was inserted in a disk of 
nonabsorbing plastic sponge (25 mm x 3 mm, 0.5 ITTl1 central hole with 
split to margin) with the cotyledons resting on the disk. The disks 
were placed on the lid with the roots penetrating through holes into 
the solution. Death of seedlings was reduced greatly by covering each 
one with a 5 ml translucent polyethylene cup for 3 days. Also, main-
taining a high growth chamber humidity as used for gennination, 
increased survival. Seedlings with enlarging true leaves were 
selected for uniformity after 5 days and transferred to treatment 
containers. Although a longer period of growth in the tray would 
have been more beneficial for selecting plants of greater unifonnity, 
rapid elongation of the roots and entanglement made early transfer 
a necessity. The same environmental conditions were maintained for 
seedling growth as for germination. 
Containers and Aeration 
All containers were detergent cleaned, rinsed, acid washed with 
a 1 :3 dilution of HCl and rinsed 6 times with deionized water. The 
polyethylene containers were covered with aluminum foil and the 
areas around the holes in the lids covered with white vinyl tape 
to avoid any solution contact with the aluminum. Aeration was 
provided to each container through a 30 cm long, 1 mm bore poly-
ethylene tube with 3 small exit holes in the heat-sealed end. 
Regulation of bubbling was obtained both with needle valves and 
reduction of the size of the entry hole in the aeration tubes by 
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insertion of a 1 mm thick plug of sponge plastic with a needle hole. 
Air was bubbled through deionized water to remove dust prior to 
entry into the chamber, and passed through a 2 liter flask in the 
charrber prior to entry into the aerators to remove any water droplets 
and condensation water. Treatment containers ~-1ere rectangular 
gallon size (18 x 12 x 21 cm) No. 158 freezette (Republic Molding 
Corp.). 
Environmental Chambers 
Gennination, seedling growth and treatrrent growth was conducted 
in Shear Cel 37-14 grm-1th chambers with fluorescent cool white lamps 
supplemented with tungsten lamps. Light intensity at plant height 
was approximately 2000 f.c. with a photosynthetic active radiation 
2 - 1 • (400-700 nm) value about 645 microeinsteins • m- • sec . Relative 
humidity was increased above ambient with two 707 Herrmidifier units 
dispensing deionized water into the air stream below the support 
platfonn continuously during the wanner photoperiod. These units 
were turned off for the cooler dark period to prevent excessive 
condensation on the containers. Pans of water below the platform were 
able to provide a high humidity during the night period. The day:night 
temperature regime for growth during treatments was 28:20°, with the 
same 16-hour photoperiod. Relative humidity for all plants was 
maintained on a day:night regime for 70:90% for 5 days for seedlings 
before transfer. This humidity was either maintained for 11high 
humidity 11 growth conditions or then reduced by operating at ambient 
chamber humidity of 27:40% for 11low humidity 11 growth conditions. 
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Nutrient Solution and Treatments 
The standard nutrient solution used was a slight modification of 
Hoagland's No. l solution (Hoagland and Arnon, 1950) which included 
the addition of more chloride in the form of NH4Cl and a chelated 
source of iron. The solution contained 5 mivJ Ca(N03)2, 5 mM KN03, 
2 mM MgS04, 1 mM KH2Po4 and 0. 1 mM NH4Cl, and in addition on a ppm 
basis 0.5 Bas H3Bo3, 0.5 Mn as MnC12·4H2o, 0.5 Zn as ZnS04•7H20, 
0.02 Cu as CuS04•5H2o and 0.01 Mo as Moo3. The iron supplied at the 
rate of 5 ppm was prepared from Chel DP, an acid form of ethylenediamine 
di (O-hydroxyphenyl acetic acid) obtained from Ciba-Geigy. The acid 
chelate was dissolved in reagent grade NH40H and mixed with reagent 
grade Feso4, dissolved in dilute reagent grade sulfuric acid, stirred 
for 24 hours for complete iron oxidation and filtered to remove 
insoluble iron hydroxides. The pH of the full strength standard 
nutrient solution was raised from 5.8 to 6.4 with the addition of 
small volumes of 0.7 M NH40H (0.54 m moles/1). After salinization 
additional smaller volumes of NH40H were added as needed to raise the 
pH to 6.6, more being required for those with greater salinization. 
Salinization of the nutrient media was begun at the time the 
seedlings were selected and transferred, 4 per each treatment container. 
The final treatment concentrations were 0.001, 0.01, 0.05, 0.1, 0.2, 
and 0.3 M NaCl and the control. The concentrations of sodium in the 
control nutrient solution was 0.2 ppm as impurity from all sources 
which corresponds to slightly less than 0.00001 moles Na/1 for the 
unsalinized solution. Salinization was carried out over a period of 
days. The initial concentration was 0.001 M NaCl. A two day period of 
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growth acc1imation was a11owed at this concentration before any 
higher concentration was used. An additional day of acc1imation was 
a11owed before each successively higher concentration of the series 
was reached. More rapid salinization resu1ted in adverse effects on 
the seedlings, including death. When potassium was increased great1y 
it also was done in the same increments. Deionized water was added 
as necessary to maintain the so1ution close to the origina1 volume. 
Earlier experiments were conducted with no pH adjustments during 
the two week periods of growth between complete nutrient so1ution 
replacement. The delayed adverse effects on plants during rapid 
growth v,hich were corre1ated with the observed large decreases in 
solution pH (<pH 4.0) made it necessary to make periodic adjustments 
of the pH to obtain continua1 good growth. 
The pH was checked every 2 to 3 days with a meter and pH 
electrode and adjustments made with the addition of 0.7 M NH40H to 
adjust pH to a value of 6.5. i~o adjustments were necessary during 
the first weeks growth in the treatment container but were necessary 
after 11 days when the pH was raised from 6.3 to 6.5. More 
pronounced decreases in pH resu1ted with increased growth. 
When interaction of Kand Na concentrations were investigated 
the nutrient solutions were varied as follows: Instead of l mM 
KH2Po4, 0.5 m~ K2HP04 was used and less NH40H was used to adjust the 
standard so1ution pH of 6.4 from 6.2. To provide phosphate and to 
aid in pH contro1 0.5 mM Ca(H2Po4)2 was inc1 uded. For a low K treat-
ment KN03 was omitted resulting in 1 m moles K/1. For concentrations 
above the standard 6 m mole K/l, enough KC1 was added to obtain 16 m 
moles K/l and 160 m mo1es K/l for the high and very high K treatments 
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respectively. The pH was adjusted after salinization to 6.6, and 
beginning with the second week of growth in treatment solutions ,the 
pH was checked daily and adjusted to 6.6 + 0.2 if the pH decreased 
below 6.3. During the fifth week of treatment growth solutions were 
adjusted twice daily to prevent extended periods of very low pH 
values which did develop in spite of the frequent adjustments. 
Response Measurements 
After growth in the treatment containers for 33 to 35 days, with 
nutrient replacement after 2 and 4 weeks, plants were harvested and 
fresh and oven dry weights (70°C) determined for individual shoots, 
combined roots per container, leaves, and stems of representative 
plants. Mature leaves from corresponding positions on plants (axil 
of first secondary branch from apex> 8 mm) were measured for length, 
diameter and fresh weight. 
One gram fresh weight leaf samples of mixed ages from 
representative plants were frozen and used for chlorophyll analysis. 
The gram samples were divided and half used for dry weight deter-
mination. Chlorophyll was extracted from tissue ground in a mortar 
with 5 ml of 80% acetone, and di 1 uted with severa 1 l O ml vo 1 umes of 
80% acetone until the solution was colorless. The extract was vacuum 
filtered through No. 1 Whatman paper and brought to a constant volume. 
The solutions were measured for absorbance in a Bausch and Lomb 
Spectronic 20 Colorimeter in 1 cm cuvettes at 652 nm, at a dilution 
that did not result in an 0.0. above 0.5. Total mg of chlorophyll 
were determined on a basis of chlorophyll absorptivity of 36 ml/cm 
mg, divided into the dilution corrected, 0.0. (14) and expressed on 
fresh and dry weight basis. 
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Total water utilization was determined during the last week of 
growth before harvest by recording weight losses with the plants and 
supporting lid removed and including the weight of water added 
between the initial and final weight. The average loss due to 
evaporation from equivalent aerated solutions without plants was 
subtracted from those losses with plants to obtain plant utilization. 
This value was expressed on a container basis, and on an average 
final shoot fresh weight per container basis. 
Statistical Analysis 
Methods of statistical analysis and the statistical results 
obtained are in the Appendix. Significant values at the 95% 




Growth Without pH Control 
Because no large pH changes were noted during the first two weeks 
of growth over a range of Na treatment concentrations no pH adjust-
ments were made in initial experiments. Some plants and entire 
containers of plants would develop a wilted appearance between the 
third and fifth week of growth, the number increasing with time. A 
fungal growth was apparent on the roots of the wilting plants, although 
it was not abundant until a few days after the initial loss of leaf 
turgor was evident. Neither the sudden wilting nor fungus were 
restricted to any one Na treatment concentration. The most prevalent 
fungus was a Fusarium moniliforme a common pathogenic saprophyte. 
Since it was determined to be inhibited in culture by the fungicide 
Benomyl, the latter was incorporated in the nutrient solutions for 
germination, seedling growth, and treatment growth at concentrations 
that were not inhibitory to initial growth. This greatly reduced the 
development of the Fusarium monifilforme on the roots but did little 
to prevent the wilting and inhibited growth after a three week period. 
Although all measurements were made on plants growth at both low 
and high humidity without periodic pH adjustment, only fresh and dry 
weights of shoots at three treatment levels are presented along with 
corresponding values from a subsequent experiment with periodic pH 
adjustments (Table l). It is evident that the fresh weights of all 
plants were markedly increased by pH control, with more than two-fold 
Table 1. Differentials in shoot weights of Halogeton glomeratus 
grown for five weeks in modified Hoagland1 s nutrient 



























Lmv humidity and temperature regime as in Table 2 
** Shoot means of 4 to 8 plants from 1 or 2 containers 
*** Shoot means of 16 plants from 4 containers 
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for the normal nutrient solution and four-fold for those supplemented 
with NaCl. The dry weights were increased by pH adjustment to a lesser 
extent with that of the standard solution increasing only about 
one-half fold while those supplemented with sodium increased 2.5 to 
3 fold. Thus control of pH promoted better growth with all treatments 
but markedly increased growth of those supplemented with NaCl. 
Plant Responses to NaCl with pH Adjustment 
1t1ith Low and High Relative Humidi-ty 
Plant growth in the control and NaCl supplemented solutions 
was slow for the first three weeks, and only during the fourth week 
were differences in appearance betv,een the control pl ants and those 
with NaCl supplements evident. The differences in leaf color, size 
and plant growth increased with an extended period of culture, and 
differences also became evident between low and high sodium treat-
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rren ts. The same patterns of appearance and growth differenti a 1 s 
between treatrrents were evident in cultures at both low and high 
humidity. Those plants in the high humidity were started two weeks 
after the ones in low humidity. Because of time limitations during 
the harvest period of those at low humidity, the pH checks and 
adjustments on those at high humidity were not made as frequently as 
those made at low humidity. Consequently, in some containers, 
especially where plants were large, the pH reached low values that 
were inhibitory to growth. Where this was very obvious the container 
was discarded. Neverthe 1 ess some adverse effects on growth, evident 
in the high humidity treatments versus the corresponding low humidity 
treat;nents, may be partially if not wholly attributed to the less 
effective pH control at high humidity. 
From the analysis of variance for all weights and measurements 
at low and high humidity, a significant effect (P = 0.01) for combined 
treatments at the two humidities was detected for shoot fresh and 
dry weights, leaf diameter, leaf length, fresh weight of selected 
mature leaves from corresponding branch positions, fresh weight of 
leaves and stems, branch length and number of branches, but none was 
detected, (P = 0.01 nor P = 0.05) for dry weights of leaves nor stems, 
nor fresh weights of roots (Appendix Table; 20-27). Comparisons of 
differential plant responses for each -nutrient treatment at high and 
low humidity are presented below. 
Shoot fresh weights, with low relative humidity were lowest with 
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no addition of NaCl and increased l.66, 2.04, 2.22, 3. 12, 3.36, 3.48 
fold with NaCl at 0.001, 0.1, 0.05, 0. l, 0.3 M, respectively (Table 
2.A. and Figure l). Mean values for the latter three highest NaCl 
concentrations were not significantly different (P = 0.05) from each 
other nor we re those at O. 05 and O. l M NaCl different from each other. 
There is a similar increase in fresh weight of shoots with increasing 
salinization at high humidity (Table 2.A, 2.8, and Figure l), but the 
increases are less pronounced and there is a significant difference 
only between those treatments without NaCl and the two lowest concen-
trations, versus those at the three higher NaCl concentrations used. 
At high humidity the maximum difference in fresh weight increase 
between the highest NaCl treatrrent (0.2 M) and that without NaCl is 
2.23 fold, somewhat less than a corresponding 3.36 fold increase at 
low humidity. The major effect of high versus low humidity was. a 
decrease in the shoot fresh weights at the 0.1 and 0.2 M NaCl treat-
ments at high humidity. The dry shoot weights were also lowest with 
no NaCl and generally increased with increased salinization by 1.6, 
1.9, l. 74, 2.06, 2.20, and 2.4 fold, respectively at 0.001, 0.01, 
0.05, 0.1, 0.2 and 0.3 M. Several dry weight values at and above 
0.01 M NaCl are not significant from others in this range (Table 2.A, 
and Figure 2). At high humidity there is also a tendency for dry 
weights to increase with increased salinization but increases are 
somewhat less than those for fresh weight at the same humidity, or 
the dry weight at low humidity, especially for the higher NaCl 
treatments (Table 2.A, 2.B, and Figure 2). 
26 
Table 2. Differentials in shoot weights of Halogeton glomeratus grown 
for 5 weeks in modified Hoagland's nutrient solution,* 
salinated with different concentrations of sodium chloride. 
Day:night temperature regirre was 28:20°C. Day:night humidity 



























35. 47 d 
36. 70 d 
12.34 a*** 
16.84 a 













3. 91 e 





2. 88 b 
*Sodium concentration of nutrient solution 0.008 m moles/liter. 
**(A.)Shoot means of 11 to 16 plants from 3 or 4 containers. 
**(B.)Shoot means of 8 plants from 2 containers. 
***Values in a column without a comi11on, letter are significant at 95% 














I) Low relative humidity 
□ High relative humidity 
0.000 0.001 0.01 0.05 
M NaCl 
0.1 0.2 0.3 
Figure 1. Shoot fresh weight of Halogeton glomeratus grown in 
Hoagland's nutrient solution salinated with 
different concentrations of NaCl 
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0.000 0.001 0.01 0.05 0.1 0.2 0.3 
M NaCl 
Shoot dry weight of Halogeton glomeratus grown in 
Hoagland'·s nutrient solution salinated with 
different concentrations of NaCl 
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Fresh weight of leaves from plants grO\vn at low humidity 
increased with salinization with the greatest increases of 3.66 and 
3.70 fold occurring with 0.2 and 0.3 M NaCl (Table 3.A). All 
salinated treatments had weight values that were not significant 
(P = 0.05) with one or two other treatment concentrations. At high 
humidity there were some increases in fresh weight with increased 
salinization, but the maximum increase was 2.02 fold at 0.1 M NaCl. 
Only the dry weight values at 0.05 and 0.1 M NaCl were significant 
from that of the nonsalinized solution (Table ·3.8). Although the 
leaf dry weights generally increased up to 2.4 fold with the highest 
level of salinization no values were significant from each other 
(Table 3.A). The dry weight increases at high humidity were mostly 
small and none were significant (Table 3.8). Patterns of wet and dry 
weight of stems at low and high humidity were similar to that of the 
leaves, with slight differences (Table 4.A, and 4.B). The reduced 
number of samples used for both leaves and stems compared with 
shoots may be the reason for the reduction in the number of values 
being significant in the former. 
1~ith selected mature leaves of corresponding position, leaf 
length was increased to a small degree by salinization of plants at 
low humidity (Table 5.A). The maximum increase was 1.2 fold at 0.2 M 
NaCl with but very similar values at 0.1, 0.05, and 0.01 M. At 0.3 M 
salinization leaf length was reduced to that of the nonsalinized. At 
high relative humidity, the nonsalinized leaf length was equal to 
the longest at low humidity, and while several sal inized solutions 
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Table 3. Differentials in leaf weights of Halogeton glomeratus* 
Fresh** Dry** 
M Weight - Weight 
NaCl g g 
A. Low Relative Humidity 
0.000 6.51 a*** 0.87 a*** 
0. 001 11. 66 b 1. 43 a 
0.01 12.17 b l. 56 a 
0.05 14.28 be 1. 41 a 
0. l 18. 68 C 1. 68 a 
0.2 23.85 d 2.10 a 
0.3 24.10 d 2.12 a 
B. High Relative Humidity 
0.000 8.04 a*** l. 12 a*** 
0.001 12. 11 ab l. 22 a 
0.01 10.26 ab l, 25 a 
0.05 15.24 b l. 40 a 
0. l 16.27 b 2.07 a 
0.2 14.95 ab 1. 24 a 
*Conditions as in Table 2 
**(A.) Leaf means of 3-5 plants from 3 or 4 containers 
**(B.) Leaf means of 2 plants from 2 containers except for treatment 
0.1 (3 plants from 2 containers) and 0.2 (1 plant). 
***Values in a column without a common letter are -significant at 95% 
confidence; letters in A. and B. are not comparable 
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Table 4. Differentials in stem v,eights of Halogeton glomeratus* 
M 
NaCl 
























11. 95 C 
12.27 C 
4. 51 a*** 
6. 35 ab 








l. 30 a 
l. 41 a 
1.41 a 
1.54 a 
l. 39 a 
l. 74 a 
0.85 a*** 
l. 15 a 
1.28 a 
l. 21 a 
l. 45 a 
0. 91 a 
**(A. )Stem means of 3-5 plants from 3-4 containers 
**(B-)Stem means of 2 plants from 2 containers except for treatment 
o·. l (3 plants from 2 containers) and 0.2 (l plant) 
***Values in a column without a common letter·are signi-ficant at 95% 
confidence, letters in A. and B. are not comparable. 
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Table 5. Differencials in leaf length, diameter and fresh weight of 
selected leaves of uniform position of Halogeton glomeratus* 
Four** 
Leaves 
M Length** Diameter** Fresh 
NaCl cm mm Weight 
A. Low Relative Humidity 
0.000 0. 85 a*** l. 356 a*** 0.040 a*** 
0.001 0.95 b 1.554 b 0.052 b 
0.01 1. 02 C l. 620 b 0.053 b 
0.05 1.01 C 1. 614 b 0.057 b 
0. 1 l. 02 c 1. 738 C 0.066 C 
0.2 l. 04 c l. 870 d 0.084 e 
0.3 0.84 a 1. 986 e 0.074 d 
B. High Re 1 at i ve Hurni dity 
0.000 1.04 a*** 1. 228 a*** 0.043 a*** 
0.001 1. 09 a 1.502 b 0.053 b 
0.01 1.05 a l. 457 b 0.050 ab 
0.05 l. 11 a 1.506 b 0.056 b 
0. l 1. 07 a l. 728 c 0.069 C 
0.2 l. 06 a l. 887 d 0.088 d 
*Conditions as in Table 2 
**(A.) Leaf means from 24-32 leaves (4 leaves/plant, 6-8 plants from 
3 to 4 containers) 
**(B.) Leaf means of 16 leaves (4 leaves/plant, 4 plants from 2 
containers) 
***Values in a column without common letter are significant at 95%; 
letters in A. and B. are not comp~rable. 
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even had some slightly longer leaf length values, none were 
significantly different from each other (Table 5.A, and 5.B). 
Leaf diameter at low and high humidity increased with 
salinization (Table 5.A, 5.B, and Figure 3). At low humidity, the 
maximum increases were 1.38 and 1.46 fold at 0.2 and 0.3 M NaCl. The 
leaf diameter differences at the lower three concentrations of NaCl 
were not significant from each other. The maximum increase for leaf 
diameter at high humidity was 1.54 fold at 0.2 M NaCl. The slightly 
1arger differential at this NaCl concentration at high versus low 
humidity was due to a smaller leaf diameter for the nonsalinized 
plants at high humidity. 
The fresh weight of the mature leaves of both low and high 
humidity increased with salinization (Table 5.A, 5.B, and Figure 4). 
At low humidity, the maximum increase was 2.1 fold at 0.2 M NaCl 
with a slight decrease to 1.85 fold at 0.3 M, corresponding to the 
slight decrease in length at the latter concentration. The increase 
of leaf weights with salinization at the high humidity were of 
magnitudes similar to those at low humidity. At both humidities, the 
lowest 3 NaCl treatments were not sign i fi can tly different from each 
other. 
Fresh and dry weights of roots did not exhibit any clear trend 
of increase with salinization (Table6.A, and 6.B). No fresh weight 
values at low or high humidity were significantly different from 
each other. Most of the dry weight values were not significantly 
different from most of the other values. 
Length of the main branches was lowest without salinization at 










fill Low R.H. 
□ High R.H . 
0.00 0.001 0.01 0.05 
M NaCl 
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0.1 0.2 0.3 
Figure 3. Leaf diameter of selected leaves of uniform position of 
Halogeton glomeratus grown in Hoagland1 s nutrient 
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0.00 0.001 0.01 0.05 0.1 0.2 0.3 
M NaCl 
fresh weight of selected leaves of uniform Four 1 eaves 
position 
nutrient 
of Halogeton glomeratus grown in Hoagland's 
solution salinated with different concentrations 
of NaCl 
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Tab1e 6. Differentials in root weights of Halogeton g1omeratus* 
M 
NaCl 























5. 77 a 
4.4 a 
4.08 a 
3. 35 a*** 
4.89 a 
1. 97 a 



















**(A.)Root means from combined roots from 3 or 4 containers, 11 to 
16 roots 
**(B.)Root means from combined roots from 2 containers, 8 p1ants 
***Va1ues in a co1umn without a common letter are significant at 95% 
confidence; 1etters in A. and B. are :1ot compar.able 
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Table 7. Differentials in main branch length and number of secondary 
branches (> 0.8 cm) of Halogeton glomeratus* 
i~ 
NaCl 




















l 7. l b 
23. l d 
19. l c 
21.8 d 
19.7 C 
20. 3 C 
15.4 a**** 
17. 2 ac 
16. 1 a 
19. 8 b 
18. 2 be 

















**(A.) Means of branch length from 4 main branches per plant, 11 
to 16 pl ants 
**(B-) Means of branch length from 4 main branches per plant, 8 
plants 
***(A.) Means of number of secondary branches from two main branches 
per pl ant, 11 to 16 pl an ts 
***( B.) Means of number of secondary branches from two main branches 
per plant, 8 plants 
****Values in a column without a common letter are significant at 95% 
confidence; letters from A. and B. are not comparable 
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for no salinization was significantly different from all others but 
at high humidity the corresponding values was only significantly 
different from those of the three highest NaCl treatments. The 
greatest length was not correlated with the highest NaCl treatments. 
Unfortunately, the branch size was quite variable between the four 
main branches of the same plant and also between the plants in the 
same treatment container. 
The average number of secondary branches were also lowest for 
treatments without NaCl, but increases in numbers were not in 
accordance with increasing concentrations of NaCl (Table 7.A, and 7.B). 
It was noted that the longest branches generally had the most 
secondary branches. 
Fresh weight ratios of leaf/stem ranged from 1.54 to 2.0 at low 
humidity and from 1.30 to 1.91 at high humidity (Table 8.A and 8.B). 
None of the values were significantly different from each other in 
high humidity and low humidity groups. The dry weight ratios of the 
leaf/stem were less than those for the corresponding fresh weight 
ratios as could be expected with succulent leaves, and less succulent 
stems (Table 8.A, and 8.B). Both the fresh ~od dry weight ratios of 
leaf/stem followed no pattern with respect to increased salinization. 
The percent dry weight of shoots of 15.31 was highest for non-
salinized plants at low humidity with a tendency for decreases with 
greater salinization, but there was no significant different among the 
three values with no or low NaCl and among the three highest NaCl 
treatments (Table 9.A). A similar but less consistent trend was 
evident at high humidity (Table 9.A,and 9.8). The percent dry weight 
of leaves at low humidity also tended to decrease with increasing 
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Table 8. Differentials in ratios of leaf/stem fresh weight and 
leaf/stem dry weight of Halogeton glomeratus* 
M 
NaCl 



















1. 73 a'llek* 
1. 73 a 





1. 78 a*** 
1. 30 a 
1. 77 a 
1. 80 a 
1. 91 a 
1. 69 a 
Conditions as in Table 2 




1. 28 c'llllr* 
1. 03 a 
1. 1 ab 
1.0 a 
1.09 ab 
1. 51 d 
1. 22 be 
1. 14 abc*** 
1.05 ab 
0.97 a 
1. 16 ab 
1. 43 C 
1. 36 be 
*** Values in a column without a common letter are significant at 95% 
confidence; letters in A. and B. are not comparable 
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Table 9. Differentials in percent dry weight of shoots, leaves, 
and stems of Halogeton glomeratus* 
M 
NaCl Shoot** 
A. Low Relative Humidity 
0.00 15. 31 c*** 
0.001 15.11 C 
0.01 14.83 C 
0.05 12.07 b 
0. l 10. 38 a 
0.2 10.07 a 
0.3 10.65 a 













10. 46 a 










10. 85 a*** 
10. 04 a 
12.14a 
9. 19 a 
10.07 a 
6.09 a 
Means of samples as in Tables 2, 3, and 4 
*** 
Stem** 
17. 51 d*** 
19. 25 cd 
18.94 cd 
15. 61 bd 
12. 69 ab 
11 . 60 a 
14. 21 abd 





10. 28 a 
Values in a column without conmon letter arP sianificant at 95% 
confidence; letters in A. and B. are not comparable 
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salinization, but none of the values were significant. The percent 
dry weight of stems were higher with no or low NaCl than with the 
three highest concentrations, but not all the highest NaCl treatment 
values were significantly different from the lower NaCl values (Table 
9.A and 9.8). 
Plant Response to NaCl Salinization 
at Different K Concentrations 
Fresh weight of shoots for the normal K concentration (0.006 
moles K/1) in this experiment were higher at all corresponding NaCl 
concentrations used in the previous low humidity experiment (Tables 
10, 2, and Figure 5). The greater weight, even with two days less 
growth, may be attributed to better control of pH. As with the 
previous experirrent, fresh weight of shoots increased significantly 
with salinization, with the exception of that for the 0.5 M NaCl, 
which resulted in a reduction equivalent to that with no NaCl 
supplement. With K reduced to 1/6 of normal, shoot weight was 
reduced to about 1/2 with the lowest (0.001 M) NaCl concentration 
and \'Ii th no NaCl. With 0.01 and 0.1 M NaCl, shoot fresh weight was 
slightly lower with reduced K (0.001 moles/1) but only significantly 
at 0.1 M NaCl. With the highest concentration of NaCl (0.5 M) the 
weight was not significantly different from that with normal K. 
Increasing the K concentration 2.6 fold above normal (0.016 moles/1) 
resulted in only one significant increase in shoot weight, that with 
no NaCl. The weight at O. 1 M NaCl , which was the maximum for 
this moderately high K concentration, was significantly less than 
that at normal K. With a 17.7 fold increase in K (0.106 moles/1) 
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Table 10. Differentials in shoot weights of Halogeton glomeratus 
M 
grown for 33 days in modified Hoagland's nutrient solution 
salinated with different concentration of NaCl and K ions.* 
Day:night temperature and humidity regimes were 28:20°C and 
27:40%, respectively 
K mol~s/1 iter 
NaCl 0.001 0.006 0.016 0.106 
A. Fresh Weight (g)** 
0.000 6. 81 a*** 13. 99 be 25.95 ef 19.65 cd 
0.001 10.54 ab 23.39 de 26.25 dfg 27.12 efg 
0.01 25.43 def 31.48 fg 27. 31 fg 30. 85 fg 
o. 1 33.15 g 39.99 h 31. 85 fg 30.04 fg 
0.5 14.55 be 13. 81 be 14.57 be 12.52 ab 
B. Dry Wei gh t ( g) ** 
0.000 0.84 a*** 1. 78 be 2.98 ehi 2. 17 cd 
0.001 1.08 a 2.63 def 3.61 hj 3. 24 fhj 
0.01 2.57 de 3.85 j 2. 72 dfh 3.45 hj 
o. 1 2. 81 dfh 3.53 ij 2.91 ehi 3.29 ghj 
0.5 1. 37 ab 1. 38 ab 1.46 ab 1 . 31 ab 
* See text for modified Hoagland's nutrient solution and K salts; Na 
concentration of nutrient solution 0.008 m moles/liter 
** O· Ova 
*** 
Mean of 7-8 pl ants from 2 containers except for treatments O. 01 M 
NaCl - 0.006 moles !</liter and 0.001 M f~aCl - 0.016 moles K/liter 
(each a mean of 4 plants from one container) 
Values within a table (A., B.) without a common letter are 
significant at 95% confidence 
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□ 0.000 M NaCl 
I 0.001 M NaCl 
~ 0.01 M NaCl 
~ 0.1 M NaCl 
[ill 0.5 M NaCl 
0.001 0.006 0.016 
moles K/liter 
0.106 
Figure 5. Shoot fresh weight of Halogeton glomeratus grown in 
Hoagland1 s nutrient solution salinated with 
different concentrations of r-laCl and K ions 
43 
44 
from normal, the only significant change in fresh shoot weight 
between this very high Kand tne moderately high K treatments was a 
decrease with no NaCl. At a11 K concentrations the optimum NaCl 
concentration for maximum fresh school weight was 0.1 M, although some 
values at the higher K concentrations were not significantly different 
at lower Na concentrations. NaCl at 0.5 was suppressive to fresh 
shoot weight at a11 K concentrations. The minimum growth for all treat-
ments was at reduced Kand no NaCl. The maximum weight obtained with 
no NaCl was at normal K (0.016 moles K/1), which was 65 percent of the 
overall maximum and was about equal to that obtained with 0.01 M NaCl 
with low K (0.001 moles/1). 
The dry shoot weights (Table 10.A, 10.~ and Figure 6) tended 
to follow the patterns for the fresh shoot weights but the maximum 
dry weight was with normal K (0.006 mo1es/1) at 0.01 M NaCl instead 
of 0.1 M NaCl, although the differences in these two were not 
significant. The differentials between treatments were not as 
pronounced for dry weights as for fresh weights. 
If one examines the fresh leaf weights (Table 11.A) and fresh 
stem weights (Table 12.A) a similar pattern of differentials occurs 
as with shoots (Table 10.A) both structures being influenced by the 
NaCl and K concentrations although not always to the same degree and 
with fewer significant differences than shoots. Part of the reduced 
significance is from reduced plant numbers used for the leaves and 
stem than for shoots. With normal K (0.006 moles/1) the fresh weight 
of 1 eaves with no NaCl was 36 percent of that for the overall 
greatest weight with 0. l M NaCl, while corresponding comparisons for 
stems and shoots were respectively 41 and 34 percent. 
The fresh weight ratios of leaf/stem vary from 1.40 to 2.91 with 
□ 0.00 M NaCl 
I 0.001 M NaCl 
~ 0.01 M NaCl 
~ 0.1 M NaCl 
















0.001 0.006 0.016 0.106 
moles K/liter 
Figure 6. Shoot dry weight of Halogeton glomeratus grown in 
Hoagland1 s nutrient solution salinated with different 
concentrations of NaCl and K ions 
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Tab 1 e 11. Different i a 1 s in leaf weights of Halogeton glomeratus* 
i< moles/1 iter 
M 
Na:Cl 0.001 0.006 0.016 0.106 
A. Fresh Weight (g)** 
0.000 5.88 a*** 8. 07 ab 16.05 bef 11.43 ade 
0.001 7.70 ab 17. 91 cef 15. 85 af 16.34 bef 
0.01 12. 32 ae 16.52 af 19.59 ef 15. 52 af 
0. 1 18. 22 cef 22. 18 f 18.44 cef 18. 90 def 
0.5 11. 55 ae 9.99 ade 8.82 abc 9.26 ad 
B. Dry We:i ght ( g) ** 
0.000 0.59 a*** 0. 84 ad 1 . 23 ac 1.25 ac 
0.001 0.64 a 1. 81 bed 1.65 ac 1. 93 cde 
0.01 1.06 ac 1. 74 abc 1. 57 bed 1. 58 bed 
0. 1 1. 29 ac 1. 77 bed 1 . 51 ac 1.64 bed 
0.5 0.97 ab 0.93 ab 1 . 03 ad 0.94 ab 
* Conditions as in Table 10 
** Means of 2 plants from 2 containers except for treatment 0.01 M 
*** 
NaCl, 0.006 moles !(/liter and 0.001 M NaCl, 0.016 moles 1(/liter 
(one plant for each) 
Values within a table (A., B.) without a common letter are 
significant at 95% confidence. 
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Table 12. Differentials in stem weight of Ha 1 ogeton gl omera tus * 
K moles/liter 
M 
NaCl 0.001 0.006 0.016 0 .106 
A. Fresh Weight (g)** 
0.000 2.90 a*** 4. 61 acde 7.02 acfg 7.95 ach 
0.001 3. 14 a 9. 86 efh 9.30 ah 11. 66 gh 
0.01 6. 1 7 acf 9.21 ah 9. 60 dfh 9.41 cdh 
o. 1 9. 35 bch 11. 19 fgh 12.46 h 10. 32 fgh 
0.5 4.46 acd 4.26 abc 4.03 ab 3. 19 a 
B. Dry vJeight (g}** 
0.000 0.49 a*** 0.52 a 0.84 a 0.93 a 
0.001 0.43 a 1. 38 a 1. 42 a l. 38 a 
0.01 0. 82 a l. 53 a 1.26 a 1.07 a 
O. l 0.87 a l. 16 a l. 34 a 1. 35 a 
0.5 0.49 a 0.50 a 0.45 a 0.39 a 
* Conditions as in Table 10 
** Means of samples as in Table 9 
*** Values within a table (A., B.) without a common letter are 
significant at 95% confidence 
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the maximum occurring at the greatest concentration of NaCl and K 
(Table 13.A). The other ratios at the maximum NaCl concentration for 
lower K concentrations were also all above 2.0, as shoot weight was 
markedly reduced. At concentrations of NaCl less than 0.5 M there 
was some tendency for the leaf/shoot ratio to become less as K was 
increased, but there were several exceptions. At the higher K 
concentrations the few stem weights tended to be high with small 
reductions in the leaf weight, while at low K, any decreases in 
fresh weight were fairly equal for leaves and stems. The concentra-
tions of K (0.006 mole/1) and NaCl (0.1 M) for optimum fresh weight 
of shoots, leaves and stems had a ratio of 1.98 for leaf/stem fresh 
weight. 
The leaf dry weights were more variable than the lea~f fresh 
weights with fewer values being significantly different (Table 13.B). 
The maximum dry weights were not at normal K (0.006 moles/1) but at 
the maximum K (0.106 moles/1), and occurred with 0.001 M NaCl 
rather than 0. l M. At K concentrations of 0.016 and 0.006 the 
highest dry weights were also at 0.001 NaCl. None of the stem dry 
weights (Table 12.B) differences were significant. The highest values 
were with 0.001 M NaCl for all but the lowest K concentration. The 
lowest stem dry weight was at the highest concentration of Kand NaCl 
in contrast to lowest dry weight for shoots and leaves being at the 
lowest concentrations of Kand NaCl. However, the latter two values 
were not significantly different from those at the highest concentra-
tion of Kand NaCl. 
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Table 13. Differentials in ratios of leaf/stem fresh weight and 
leaf /stem dry weight of Hal ogeton gl omeratus* 
K mo 1 e s / 1 i te r 
M 
NaCl 0.001 0.006 0.016 0 .106 
A. Fresh Weight** 
0.000 2.03 ef*** 1. 75 cd 2.29 gh 1. 44 ab 
0.001 2.45 hi 1. 82 cde 1. 70 abd 1. 40 a 
0.01 2.00 ef 1. 79 cde 2.04 ef 1.65 be 
0. 1 1. 95 def 1. 98 def 1. 48 ab 1. 83 cde 
0.5 2.59 i 2. 34 gh 2. 19 fg 2. 91 k 
B. Dry Weight** 
0.00 l. 22 a*** l. 59 a 1. 47 a 1.34 a 
0.001 l. 49 a 1. 31 a l . 16 a 1. 39 a 
0.01 l. 23 a l. 13 a l. 25 a l. 48 a 
0. l 1.48 a l. 53 a l. 12 a l . 21 a 
0.5 1.98 a l. 87 a 2. 32 a 2.42 a 
* Conditions as in Table 10 
** Means of sample as in Table 10 
*** • • • l (A ) Values w, tnrn a tab e .. , B. without a common letter are 
significant at 95% confidence. 
The leaf length was lowest at the maximum NaCl and Kand also 
quite low at the same NaCl (0.5 M) with less K (Table 14.A). None 
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of the longest leaves occurred at the highest K concentration, nor 
without NaCl. There was no other apparent nutrient pattern affecting 
leaf length. 
The leaf diameter was lowest at the lowest K concentration with 
no NaCl, while the highest values were at 0.5 NaCl for each K con-
centration (Table 14.B, and Figure 7). Wfth·few.exceptions,the 
diameter increased at each K concentration with increase in NaCl 
concentration. 
As with the previous experiments, fresh weight of four mature 
leaves increased with NaCl salinization (Table 14.C, and Figure 8). With 
normal K the maximum was at 0.5 M NaCl but those at 0.1 Mand 0.01 M 
were not significantly different. With a reduced K concentration 
(0.001 moles/1) the fresh leaf weight was significantly greater with 
O. 1 M NaCl than other concentrations and was also significantly 
greater than the values for normal Kor higher K with 0.1 M NaCl. 
The lowest weight of selected leaves was with no NaCl and the lowest 
K concentration. A small increase was noted with increases in K 
with no NaCl, but no changes, or small decreases, were evident with 
K increases when NaCl was supplied. The leaf weights did not directly 
correspond to either leaf length or diameter, but were more 
proportional to the volumes, as would be expected. 
The data on fresh weight of roots were again mostly not 
significantly different. There was some evidence of weight inhibition 
at 0.5 M NaCl (Table 15.A). None of the highest fresh root weights 
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Table 14. Differentials in leaf length, diameter and fresh weight 
of selected leaves of uniform position of Ha1ogeton 
g1 omeratus * 
K mo 1es/1 i ter 
M 
NaCl 0.001 0.006 0.016 0. 106 
A. Leaf Length (cm)** 
0.000 1 . 08 d*-tt- 1. 15 deg 1. 23 gh i 1. 20 efgh 
0.001 1. 16 def 1. 32 ij 1. 40 jk 1 . 15 deg 
0.01 1. 37 k 1. 32 hjk l. 22 fghi 1.10 de 
0. 1 1. 33 jk 1. 18 deg 1. 32 hij 1. 12 def 
0.5 0.90 be 0.92 C 0.80 ab 0. 74 a 
B. Leaf Diameter (mm)** 
0.000 1.298 a*** 1. 353 ab 1. 478 be 1.409 abc 
0.001 1. 554 cd 1. 464 be 1.513 bed 1 .485 be 
0.01 1. 797 fgh 1.665 df 1. 748 efg 1. 659 def 
0. 1 1. 901 hi 1. 846 ghi 1. 674 def 1. 644 de 
0.5 1. 95 7 i j 2. 068 j 1. 859 ghi 2.053 j 
C. Leaf Weight (g)** 
0.000 0.047 a*** 0.053 ab 0.066 cde 0.063 bed 
0.001 0.063 bed 0.065 cde 0.066 bef 0.061 be 
0.01 0.090 j 0.078 efj 0.075 efh 0.070 cdf 
0. 1 0. 105 k 0.086 ij 0.084 hij 0.072 dfg 
0.5 0.081 ghj 0.089 j 0.067 ade 0.078 fhi 
* Conditions as in Table 10 
** Leaf means of 16 leaves (4 leaves/plant, 4 plants from 2 containers) 
*** 
except for treatment 0.01 i✓i NaCl, 0.006 moles K/1 iter and 0.001 M 
NaCl, 0.016 moles K/1 iter (each of a mean of 8 leaves-)(4 leaves/plant, 
2 pl ants from one container) 
Values wi~hi:1 a table (A., B., C.) without a common letter are 
significant at 95% confidence 
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□ 0.00 M NaCl 
I 0.001 M NaCl 
~ 0.01 M NaCl 
~ 0.1 M NaCl E 
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0.001 0.006 0.016 0.106. 
K moles/liter 
Figure 7. Leaf diameter of selected leaves of uniform position of 
Hal ogeton gl or11eratus grown in Hoagland I s nutrient 
solution salinated with different concentrations of 
NaCl and K ions 
□ 0.000 M NaCl 
I 0.001 M NaCl 
~ 0.01 M NaCl 
~ 0.1 M NaCl 
















0.001 0.006 0.016 0.106 
K moles/liter 
Figure 8. Four leaves fresh weight of selected leaves of uniform 
position of Halogeton glomeratus grown in Hoagland's 
nutrient solution salinated with different concentra-
tions of NaCl and K ions 
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Table 15. Differentials in root weight of Halogeton gl omeratus* 
K mo l es/ 1 i te r 
M 
NaCl 0.001 0.006 0.016 0.106 
A. Fresh Weight (g)** 
0.000 2. 71 ad*** 5. 11 def 7. 16 f 4.16 ae 
0.001 3.80 ae 4.26 ae 5.76 def 5. 72 ef 
0.01 4. 12 ae 5.03 aef 4.63 cef 7.17 f 
0. l 2.90 ad 5.94 ef 3.91 ae 4.30 bde 
0.5 2.84 ad l. 76 a l. 80 ab 2.09 ab 
B. Dry Weight (g)** 
0.000 0.27 abc*** 0.27 abc 0. 37 bde 0. 31 ad 
0.001 0.23 ab 0.43 cde 0.51 ade 0.42 cde 
0.01 0.30 ad 0.56 e 0. 36 bde 0.46 de 
0. l 0.24 ab 0.42 cde 0.29 abc 0. 36 bde 
0.5 0. 15 a O. 17 a O. 17 a 0.21 ab 
* Conditions as in Table 10 
** Means of samples as in Table 10 
*** Values within a table (A., B.) without a common letter are 
significant at 95% confidence. 
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occurred when K was at the lowest concentration. Similar results were 
obtained with the root dry weights (Table 15.B). 
Branch length was smallest with no NaCl and the lowest K con-
centration (Table 16.A). At this K concentration an increase in NaCl 
up to 0. l M NaCl increased length, but at 0.5 a marked decrease in 
length was evident. At normal Ka similar trend was evident but the 
highest value was at 0.01 M NaCl rather than 0.1. However, the 
differences between these two values were not significant. The 
increase of K to 0.016 moles/l resulted in longer main branch lengths 
with no NaCl or very low NaCl. At the highest K concentration a 
small reduction in stem length was evident with no NaCl. 
The number of secondary branches was lowest at the lowest 
concentration of Kand NaCl (Table 16.B), and ~bout as low at the 0.5 
M NaCl. There was no distribution pattern for the higher values. 
The percent shoot dry weights were lowest with the two highest 
levels of NaCl at all K concentrations but were slightly greater at 
the highest K concentrations (Table 17.A). There was no pattern 
for the distribution of middle or higher percent dry weights. There 
were no significant differences in the percent dry weights of leaves 
or of stems (Table 17.B, and 17.C). 
Chlorophyll expressed on a leaf fresh weight basis was highest 
with no NaCl and the lowest K concentration (Table 18.A). Slightly 
lower values, but none significantly different, also occurred with 
the intermediate K concentrations with no NaCl or low NaCl. Chloro-
phyll content was the lowest for all the 0.5 M NaCl treatments but 
two similar values were obtained with 0.1 M NaCl, and one with 0.01 
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Table 16. Differentials in main branch length and number of 
secondary branches (> 0.8 cm) of Halogeton glomeratus* 
grown in Hoagland's nutrient solution salinated with 
different concentrations of NaCl and K ions 
K mo 1 es/ 1 i te r 
ivl 
NaCl 0.001 0.006 0.016 0. 106 
A. Branch Length (cm) ** 
0.000 8.4 a*** 14.0 de 18. 2 hij 15.4 ef 
0.001 10.0 b 16. 5 fgh 18. 9 ij 18.9 ij 
0.01 16. 1 fg 20.0 jk 17. 2 kgi 19.8 jk 
0. 1 17. 3 gh i 18. 9 iJ 21. 8 k 18. 5 ik 
0.5 10.5 b 11. 2 be 12. 7 cd 10.5 b 
B. Number of Branches 
0.000 10 a*** 15 C 17 de 16 cd 
0.001 11 ab 16 cd 18 e 18 e 
0.01 17 de 16 cd 17 de 18 e 
0. l 1 7 de 17 de 13 e 18 e 
0.5 11 ab 11 ab 12 b 11 ab 
* Condit i ans as in Table 10 
** Means of branch length from four main branches per plant; plant 
samples as in Table 10 
*** Values within a Table (A., B.) without a common letter are 
significant at 95% confidence 
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Tab1le 17. Differentials in shoot, leaf, and stem dry weight percent 
of Halogeton glomeratus grown in Hoagland's nutrient 
solution salinated with different concentrations of NaCl 

































16. 76 a*** 
13.65 a 
13. 23 a 
9.28 a 
11. 04 a 
**Conditions as in Table 10 
K mo les/1 iter 
0.006 







10. 5 a 
7.99 a 
9.28 a 




11. 62 a 
0.016 
11. 5 dg 
13. 77 g 
9.95 abd 






11. 71 a 
11.97 a 
15. 21 a 
13. 12 a 
l 0. 76 a 
11.06 a 
Means of samples as in Tables 10, 11, and 12 
*** 
0. 106 
11. 04 df 
11. 95 efg 








11 . 71 a 
11. 84 a 
11. 31 a 
13. 09 a 
12.21 a 
Values within a table (A., B., C.) without a common letter are 
significant at 95% confidence 




NaCl 0.001 0.006 0.016 
A. Chlorophyll mg/g leaf fresh weight** 
0.000 l. 61 g*** l. 32 eg l. 23 ef 
0.001 1. 25 ef l. 35 eg l. 54 fg 
0.01 l. 18 ef l. 34 deg 1. 13 de 
0. l o. 81 abc 0.99 bed 1.06 cde 
0.5 0.70 ab 0. 75 ab 0. 81 abc 
B. Chlorophyll mg/g leaf dry weight** 
0.000 15. 32 a*** 18.89 a 17. 26 a 
0.001 19.52 a 19.55 a 19.19 a 
0.01 20.96 a 14. 73 a 20.74 a 
0. l 17. 08 a 21.35 a 21.26 a 
0.5 14. 31 a 13.13 a 16.26 a 
* Conditions as in Table 10 
·** Sample means as in Table ll 
*** Values within a table (A., B.) witnout a common letter are 
significant at 95% confidence 
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13. 78 a 
17. 42 a 
16.27 a 
13. 79 a 
M NaCl. On a dry weight basis, the values were lower with 0.5 M 
NaCl but none were significantly different (Table 18.B). 
Water utilization during the terminal 5 days of growth was 
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quite variable within the replicates of the same treatment on a pot 
basis. The very low water utilization with 0.5 M NaCl is signifi-
cant (Table 19.A). The water utilized with low K increased from 
no NaCl to 0.1 M but the only significant differences are between 
the two low NaCl treatments and the two higher ones. The water 
utilization with no NaCl increased when KCl was at normal or higher 
concentrations, but the differences between the three higher K 
concentrations were not significantly different. Almost all other val-
ues for water utilized were high, but with no significant differences. 
Water utilization expressed on a fresh weight of tops at harvest 
reflects water utilization efficiency in response to Na and K. All 
plants with 0.5 M NaCl apparently utilized much less water for 
growth and transpiration than did plants with lower NaCl concentra-
tions (Table 19.B). With low K the water utilized per gram fresh weight 
increased as the Na was decreased, resulting in a five fold 
differential at the two extremes. Similar but less pronounced 
differences occurred with normal K. At the higher K concentrations 
there were only small increases in water utilized with lower NaCl. 
The water utilized is largely transpired. If one estimates about 
one-half of the fresh weight of tops occurred in the last five days, 
the amount of incorporated ttssue water would only range from 3.5 
percent to 14 percent of that utilized, with the most being used with 
0.5 M NaCl. 
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Table 19. Differentials in water utilized by Halogeton glomeratus,* 
















days in terminal week when grown in modified Hoagland's 
nutrient solution salinated with different concentrations 
of NaCl and K ions 
K mo 1 es / 1 i t2 r 
0.001 0.006 0.016 0. l 06 
Utilized: g/ con ta in er** 
392.5 ab *'k-lr 671. 5 cd 800.0 def 811. 5 dg, 
515.5 be 978.0 ed 1132 .o g 929.5 dg 
909.5 dg 1109. 0 fg 875 .0 dg 809.0 dg 
927.0 dg 936 .0 dg 882.5 dg 776.0 cde 
199.5 a 252.0 ab 240.0 a 210.0 a 
Utilized: g/gram shoot fresh weight** 
17. 59 h *** 13. 52 g 7.7 de 10.33 efg 
13. 36 g 11. 64 fg 10. 78 deg 8.6 def 
9. 17 def 8. 81 cdf 8. 08 de 6.7 bed 
7.01 bed 6.91 bed 6.96 bed 6.55 acd 
3.46 a 4.44 abc 4. 14 ab 4.33 ab 
Conditions as in Table 10 
** Water utilized equals total water lost minus average (68 g) pot 
evaporation based on aerated pots without plants (range 37.5 -
140 g in f i ve days) 
***values within a table {.A., B .• ) without a common letter are 
significant at 9q% confidence. 
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DISCUSS I Of~ 
The importance of pH control in the growth of Halogeton 
glomeratus and prevention of injury is very critical. Control of pH 
is rarely mentioned in salinity nutrition studies. In the study by 
Williams (29) it was reported that solution pH decreased to values of 3.0 
to 3.5 in two weeks without buffering, but with buffering they ranged 
from pH 3.7 to 6.0. His buffering was done with a mixture of K2HP04 
and KH2Po4 added to the nutrient solution to raise the pH to 6.7 at 
the two week period when nutrient solutions were changed. The amount 
of buffer added and concentration were not indicated. Also, it is not 
clear when the few pH values reported after two weeks of growth were 
recorded during the seven week growing period. It is uncertain 
whether the pH values were adequately controlled during all growth 
stages. 
In the current experiments the pH values did not change during 
the first two weeks of treatment growth, but rapidly decreased during 
the third week of treatment growth. 1~hile adjustment with NH40H at 
two to three day intervals after the third week was not effective in 
preventing some solutions from reaching values less than pH 4.0, it 
was effective in increasing the fresh and dry shoot weights markedly. 
When pH was adjusted more frequently and the pH was never allowed to 
decrease below pH 4, further but much smaller increases in shoot 
weights were recorded. It is of interest that the maximum dry plant 
weight obtained by Williams (29) was 1.52 g with 0.1 M NaCl and 
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buffered solutions in a seven-weeks growth period in a growth chamber, 
while the maximum plant dry weights obtained in these experiments 
were 4.44 g with 0.01 M NaCl and 3.95 g for 0.l M NaCl, for slightly 
less than a five week growth period. It is probable that the near 
three times increase in weight was due to improved pH control. 
The observed reduction in pH of nutrient solutions with growth 
of halogeton and the adver5e effects are not unusual. Hewitt (13) 
cites a number of reports which indicate severe injury of plants with 
pH 3.0 to 3.5 and marked depression in growth from 3.5 to 4.0. What is 
unusual is that in nutrient cultures supplied with nitrate as the 
source of nitrogen, as was used in these experiments, the pH usually 
increases, while increasing the ammonium ion usually causes the pH 
to decrease or stabilize (13). The change in pH usually observed is 
attributed to hydrogen ion exchange for the ammonium ion, or greater 
uptake of nitrate ion than the cation source. It would seem probable 
that in halogeton, the cation uptake, especially Kand Na, may exceed 
that of nitrate, and hydrogen ion exchange would account for a rapid 
decrease in pH. The use of NH40H to adjust the pH of halogeton 
cultures did not cause solutions to become acid more rapidly, but 
appeared to reduce the rate. The pH problem encountered in the 
growth of halogeton needs further investigation and consideration of 
use of low soluble or insoluble calcium salts to maintain pH as 
probably occurs in the soils where it thrives. 
The influence of sodium in promoting halogeton growth was 
evident in all experiments, with maximumv,eights occurring at 0.1, 
0.2 or 0.3 M NaCl but never at 0.5 M, with normal K concentrations of 
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0.006 moles/1. This is in agreenent with Williams(29) who found the 
maximlDII dry weights of leaves and plants at 0.1 M NaCl, the highest 
concentration used. The lowest leaf and plant weights obtained by 
Williams were without any added NaCl and these were 9 to 16 percent 
of the highest weights. In the present experinents, the dry weights 
of plants, shoots or leaves at normal Kand no NaCl were never less 
than 47 percent.of those with the greatest weight at higher NaCl 
concentrations. The lowest dry weight value obtained in these 
experiments in five weeks growth with no NaCl was more than ten times 
that obtained by Williams for seven weeks growth. These weight 
differences are not due to differences in sodium contamination from 
the nutrient salts, for the amount in Williams solution was 1.8 ppm 
while that in the present solution was only 0.2 ppm. The greater dry 
weight in the current experiments with no NaCl cannot be attributed to 
better pH contro 1 , because even without pH adjustments, the dry 
weight was almost ten times that which Williams obtained. Possibly, 
the elimination in these experiments of the physical injury that can 
occur during transplanting from sand to treatment solutions as used by . . 
Williams was a contributing factor to better growth. Also use of 
high relative humidity during the period shortly after transpl~nting 
may have favored the establishment of more vigorous seedlings than 
would be possible with low humidity and no NaCl. The fact that 
Williams replaced many seedlings within three days after transplanting 
and one-sixth to one-half of the plants died during the growing 
period with different treatments suggests the plants may have been 
subjected to stress conditions. 
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~~ith regards to the re1ative humidity effects on sodium require-
ment for grm-1th, the res u1 ts with Ha 1 ogeton do not correspond to 
tho~e of Atrip1ex ha1imus (12). With the 1atter, at 1ow humidity the 
dry weight was 6.4 times greater with 120 mi11iequiva1ents Na than 
with none, but at high re1ative humidity it was 5.2 times higher with 
no Na than that at 1ow re1ative humidity and was 1ess with the high 
Na concentration. With ha1ogeton the minimum weights were obtained 
with no Na, and the maximum weights were obtained with high sodium 
concentrations regard1ess of the re1ative humidity. Most dry weights 
were however, s1ight1y higher at the 1ow humidity, but these may have 
been the resu1t of somewhat better pH contro1 in the latter. One 
major difference between Ha1ogeton and Atrip1ex ha1imus is that sa1t 
is accurnu1ated within most or a11 cel1s of the former,whi1e the 1atter 
accumu1ates 60 times more sa1t in vesicu1ated hairs than in other 1eaf 
ce11s with an increase of nutrient NaC1 or KC1 (1). 
No attempt has been made to re1ate the sa1t storage mechanism in 
vesicu1ated hairs of Atrip1ex ha1imus with its greater growth response 
in high versus 1ow humidity with no NaC1, and the growth reversa1 
with respect to humidity with NaC1 supp1ied. Since the highest weight 
was obtained with added NaC1 at 1ow humidity it can be specu1ated 
that hairs are functiona1 in reducing transpiration by increasing the 
diffusion path. With no Na, hairs wou1d expand 1itt1e, and at 1ow 
humidity transpiration might be excessive, reducing effective photo-
synthesis and growth. At high re1ative humidity and no Na, 
transpiration might be reduced to a point that is almost as 1ow as 
that with we11 deve1oped hairs at low humidity. The sma11 reduction 
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in weight with supplied NaCl in high.,humidity m_ight be the result 
of formation of la.rger more cofll)act hairs that not only reduce 
transpiration but may reduce CO2 diffusion and reduce photosynthesis 
and growth. As Halogeton has no leaf hairs~ no such responses would 
be expected. Further comparisons between halophytic species with and 
without vesiculated hairs at low and high humidity with and without 
NaCl would be needed to lend support to this hypothesis. 
The effect of sodium up to 0.3 M NaCl on plant response was to 
markedly increase the fresh weight of shoots, stems and leaves with 
slight or no increase in roots. Increased plant size accounted for 
most weight increases, both branch length and the number of branches 
contributing, but the increased leaf number being a greater factor. 
Small increases in leaf length and diameter resulted in volwne and 
weight increases that could account for half of the total leaf weight 
increases. Although sodium also increased dry weights, most values 
other than shoots were not significantly different at the 95 percent 
confidence levels. 
When one considers halogeton response to both Na and K 
concentrations it is apparent that Na become inhibitory only when 
the concentration is 0.5 moles/l and red_uces all measurement values 
except leaf diarreter. The concentration of K appears to have little 
influence on these inhibitory effects. In contrast, K becomes 
moderately inhibitory at O. 106 moles/1 with no added Nat and is much 
less inhibitory wi"th Na at O.OOl, 0.01, and 0.1 moles/1. It is 
possible that K is competing with Na at some Na functional site. It 
seems less likely that Na is competing for Kat some functional K 
site. Possibly the chloride is having an adverse effect at 0.5 M 
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NaCl. Other anions were not tested, and i~illiams (29) did not 
compare other anions above 0.01 Mas sodium salts. If the pronounced 
inhibitory effect is due to sodium at 0.5 moles/1 it is close to the 
0.3 moles/1 found to be optimum in the relative humidity experiment. 
This follows the trend observed with other halophytes where doubling 
the optimum concentration results in a marked decrease in weight (3, 
12, 25). In the absence of any added Na, the presence of 0.016 moles 
K/1 was as effective or more effective in increasing most plant 
measurements as was the near corresponding concentration of 0.01 ~oles 
Na/1. Williams (29) however, reported reduced dry weights (62 and 89 
percent) with 0.01 moles K/1 as compared to 0.01 moles Na/1. In these 
experiments increasing the Na concentration from 0.01 to 0. 1 moles/1 
frequently but not consistently, resulted in increased plant measure-
ments at one or more K concentrations .. The magnitude of these 
increases was never the two fold dry weight increases Williams (29) 
obtained with corresponding NaCl concentrations with norrna 1 K. The 
concentrations of Kand Na resulting in the largest measurements were 
not constant for all measurements. Unfortunately, the large plant 
variability, limited sample numbers, loss of some replicates, and some 
possible adverse effects of low pH values encountered during the fifth 
week of growth makes it impossible to be more definitive about what 
the optimum Kand Na concentrations are for halogeton growth and 
deve 1 opment. 
The chlorophyll content of leaves expressed on a fresh weight 
basis generally decreased with increased salinization, but more so 
with NaCl, and could be seen as a gradation from deep blue green to 
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pa1e ye11ow green leaves. There was no evident relationship between 
chlorophy11 content and the weight or size of p1ants. A comparison 
between the ch 1 orophy1l content and se 1 ected, mature, leaf fresh 
weights and diameters reveals some correlations with both, but more so 
with the leaf dianEters. An increase in either cell volume or number 
with no increase in ch1oroplasts or chlorophy1l per p1astid would 
account for the apparent dilution effect. Unpublished data (28) on 
~1ogeton leaves with and without added 0.1 M NaCl indicate most of 
the two-fold increase in leaf diameter from salt is from a 2.5 fold 
increase in cortex cell diameters, smaller increases in epiderma1 and 
pa1isade mesophy11 cells and none in the cubical mesophyll cells. The 
nonchlorophy11 containing ~el1s contributed to 80 percent of the 
increase in cell diameter. No change in number of chloroplasts per 
ce11 were evident,and the increase in mesophyll cell numbers per 
cross section was accompanied by an increase in epidermal cell numbers. 
Consequently, even if the chloroplast number is increased by a doubling 
of the number of mesophyll cel1s per leaf section as a consequence of 
salinization, the increased leaf diameter would result in a four-fold 
increase in volume and weight per section, which would reduce the 
ch1orophyll by one~half when calculated on a fresh weight basis. Since 
both the leaf circumference and mesophyll cells are increased by two-
fold with salinization, the chloroplasts would not increase on a surface 
area basis. Unless the chlorophyll content per chloroplast is changed, 
the chlorophyll content should also be unchanged on a surface area 
basis. For any future photosynthetic studies of halogeton with respect 
to salinization, surface area measurements of leaves would be 
critical. 
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In several studies of salinization dealing with photosynthetic 
measurements, chlorophyll con tent was determined on a fresh weight 
basis and used as the basis of expressing photosynthetic rate. With 
Distichilis stricta, a c4 species of moderate saline habit, the 
chlorophyll, was at a maximum with high NaCl (= 0.3 M), but the fresh 
weight was low at this concentration and was four times greater with 
no NaCl (25). In the same study Salicornia rubra, a probable 
facultative C.A.M. species, had a maximum chlorophyll content with 
no NaCl, but the fresh weight was greatest at an intermediate concen-
tration of NaCl (= 0.2 M). In another study two other species which 
are likely facultative C.A.M. plants also exhibited maximum chlorophyll 
with no NaCl, but maximum fresh weights with high NaCl (= 0.4 M) but 
less at higher concentrations (31). Another relationship exists 
for Atriplex nummularia, a c4 species, which responded to very low 
concentrations of NaCl (0.0006 M) by increasing both chlorophyll 
(= 2.5X) expressed on a fresh weight basis, and the fresh 
weight(= lOX) over those with no added NaCl, having 
almost 1,000 times less ;~a (7). Although the c4 halogeton had 
weight and chlorophyll maximums at different Na concentrations, 
similar to the above C.A.M. species, it might have also yielded a 
decrease in both with no Na, similar to the atriplex, if the control 
solutions had much lower Na content. Since the Na content of 
halogeton controls were about 100 times higher than those used in 
the atriplex controls, enough Na may have been present to prevent 
any chlorosis as was observed in the atriplex studies. 
The observed high water utilization per gram fresh weight of 
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shoots with no NaCl,and the decrease with increased salinization 
suggests but does not confinn,that inadequate sodium may promote 
excessive transpiration leading to decreased leaf water potentials, 
reduced photosynthesis and reduced growth. More detailed studies 
will have to be conducted to substantiate this hypothesis. Water 
utilization will have to be expressed on a leaf area basis which may 
or may not reveal a reduction in water salinization. If the stomatal 
pore size is limited in part by the epidermal cell turgor, and the 
latter is dependent in part upon epidermal cell osmotic potentials, 
the amount of Na or K accumulated may either lead to excessive water 
loss with inadequate closure with a deficiency of salt, or excessive 
closure and inadequate photosynthesis with excessive salt. Parallel 
studies of leaf diffusive resistance, osmotic and water potentials, 
and photosy~thesis in response to salinization will be necessary to 
learn more of the role of sodium and potassium concentrations on 
the growth of halogeton. 
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The data were tested by using a general least square analysis 
of variance. Two statistical programs namely Multiple Data 
Collection (MOCR) and Stepwise Multiple Regression Revised (Si�RR), 
which are availa�le in the B6700 computer at Utah State University, 
were used for the statistical analysis (15). 
The humidity and NaCl experiment is a 2x6 factorial (two levels 
of humidity and six levels of NaCl). The model is 
Y . . k = µ + H . + T . + HT . . + E . . klJ l J lJ lJ 
where Yijk 
is the observed value. µ is the overall mean, H
i 
is
the effect of humidity on the observed value, Tj is the effect of
NaCl treatrrents on the observed value, HTij is the effect of the
interaction between humidity and NaCl treatments on the observed 
value and Eijk is the effect of experimental error on the observed
va 1 ue. 
The sodium and potassium experiment is a completely randomized 
one-way design. The model is 
Y .. - = µ + T. + E ..
lJ 1 lJ 
where Y .. is the observed value, µ is the overall mean, T. is the 
1J 1 
effect of the trea trrent on the observed va 1 ue; Ei j 
is the effect of
experimental error on the observed value. The subsequent tables are 
the result of the analysis of variance. 
74 
Fisher 1 s least significant difference (LSD) at 95 percent 
confidence was used for the multip1e mean comparisons. The following 
formula was used for calculating LSD (20). 
t is the tabulated value of t distribution which depends on the degree 
of freedom of the error (from the table of the analysis of variance) 
and a (the probability of a type 1 error which is the rejection of 
the null hypothesis when it is true). The value of a is 0.05 i.e., 
95 percent confidence. 
MSE is mean squares of the error (from the table of analysis of 
variance). 
n. number of observations (number of plants used to obtain any
l 
mean). 
Each two means will be sigfi ificantly different (values without 
corn1oon letter in the tables) when the difference between them is equal 
to or exceeds the LSD value. 
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Table 20. Analysis of variance for the effect of htnnidity and ijaCl 
treatments on shoot weigh ts t 
A. Fresh Weight (g) B. Dr� Weight ( g)
F-test F-test
sv df MS value MS value
Humidity l 428.37 14.917-lrilr 5.88 11. 303**
Treatment 5 1137. 92 39.624** 6. 13 11.784** 
Interaction 5 95.65 3. 331 ** 0.67 l. 295
Error 122 28. 72 0.52 
** Significant at 99 percent confidence
SV = source of variation 
df = degrees of freedom 
MS= JTEan squares 
Table 21. Analysis of variance for the effect of humidity and NaCl 
treat nts on leaf weights 
A. Fresh Weight ( g) B. Dry Weight { g )
F-test F-test
sv df MS value MS value
Humidity l 2.48 0.236 0.077 0.416 
Treatment 5 84.35 8.002** 0.390 2. 111
Interaction 5 16.26 l. 543 0. 180 0.989 
Error 19 10.54 o. 185
** 
Significant at 99 percent confidence. 
L 
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Table 22. Analysis of variance for the effect of humidity and NaCl 
treatments on stem weights 
A. Fresh Weight ( g) B. Dr.z Weight ( g) 
F-test F-test 
sv df MS value MS value 
Humidity 1 4.67 1.080 0.023 0. 144 
Treatment 5 28.01 6.486** 0. 328 2.032 
Interaction 5 2.30 0.532 0.089 0.552 
Error 19 4. 32 0. 161 
** Significant at 99 percent confidence. 
Table 23. Analysis of variance for the effect of humidity and NaCl 
treatments on leaf measurements 
sv 





A. Leaf B. Leaf C. Four Leaves Fresh 
Weight (g) Length ( cm) Diameter(mm) 
F-test 
df MS va 1 ue MS 
1 o. 102 29.72** 0.087 
5 0.023 6.67** 0.426 
5 0.012 3.57** 0.013 
57 0. 0034 0.009 




46. 100** 0.26x1o-2 







Table 24. Analysis of variance for the effect of humidity and NaCl 
treatnents on root weights 
77 
A. Fresh We.igbt C 9l B. .Or,l: Weight (g) 
F-test F-test 
sv df MS value MS value 
Humidity 1 18. 96 14. 17** o. 105 11. 296** 
Treatment 5 1.98 1. 481 0.033 3.648* 
Interaction 5 I 1. 38 1.032 0.013 1.411 
Error 21 1. 34 0.009 
* Significant at 95 percent confidence. 
** Significant at 99 percent confidence. 
Table 25. Analysis of variance for the effect of humidity and NaCl 
treatnents on branch length and numer of branches 
A. Branch Length (cm) B. No. of Branches 
F-test F-test 
sv df MS value MS value 
Humidity 1 14.37 3.64 13. 61 2.87 
Treatment 5 92.58 23. 45** 62.34 13. 14** 
Interaction 5 27. 73 7.02** 21.73 4.58** 
Error 122 3.95 4.74 
** S~gnificant at 99 percent confidence. 
I , 
'f 
Table 26. Analysis of variance for the effect of humidity and NaCl treatments on dry/fresh weight 
ratio of shoot, stem and leaf 
A. Shoot B. Leaf c. Stem 
F-test F-test F-test 
sv df MS value sv df MS value MS value 
Humidity 1 o. 174x10-3 0.554 Humidity 1 0. 36xl0-3 1. 406 0. 112x10-3 0. 23 
Treatment 5 0.975xl0- 2 3l. 116** Treatment 5 O. lOOxlO -2 3.937* 0.46lxl0- 2 9.459** 
Interaction 5 0. lOl xl0- 2 3. 222** Interaction 5 0. 188x10-3 o. 736 O. 743xl0"".3 1.524 
Error 122 0.3135xl0- 3 Error 19 0.256xl0- 2 0.48xl0- 3 
** Significant at 99 percent confidence. 




Table .27. Analysis of variance for the effect of humidity and NaCl 
treatirents on leaf/stem we.ights ratio 
A. Leaf/stem Fresh Weight 8. . Leaf/stem Dr,l Weight 
F-test 
sv df MS value MS 
Humidity 1 0.815xl0 -1 2.000 0.576xl0-
2 
Treatirent 5 o. 165x10·1 0.405 O. 763xl0 -1 
Interaction 5 0.525xl0 -1 1. 289 
-1 0. l45xl0 1 
Error 19 O. 407x10 -1 0.154xl0-l 
,t,:-Jt 
Significant at 99 percent confidence. 
Table 28. Analysis of variance for the effect of sodium and 
























Table 29. Analysis of variance for the effect of sodium and potassium treatments on leaf and 
stem weights 
A. Leaf Fresh B. Leaf Dry C. Stem Fresh D. Stem Dry Weight 
Weight (g) Weight (g) Weight (g} ( g) 
F-test F-test F-test F-test 
sv df MS values MS values MS values MS values 
Treatment 19 48.05 2.235* 0.45 2.24* 19.43 3.06* o. 278 l. 771 
Error 17 21.50 0.202 6. 35 o. 157 
* Significant at 95 percent confiidence. 
Table 30. Analysis of variance for the effect of sodium and potassium treatments on leaf 
measurements 
A. Leaf Length (cm} 
F-test 
sv df MS value 
Treatment 19 o. 129 19. 938** 
Error 55 0.006 
** Significant at 99 percent confidence. 
B. Le a f Di ame te r ( nvn) _C_. F-'-ou-'-r_...;_;;L_ea_v_e_s_F_r_,;;.e_s_h _W_e_i ... gh--'-t'--1( .... g.._) 
F-test F-test 
MS value MS value 
0.205 
0.011 





Table 31. Analysis of variance for the effect of sodium and 
potassium treatments on root weights 
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A. Fresh Weight {g} 8. Dry Weight (g) 
F-test F-test 
sv df MS value MS value 
Treatment 19 5.399 3. 36¼11' 0.023 3. 3151:-k 
Error 17 1.606, 0.006 
** Significant at 99 percent confidence. 
Table 32. Analysis of variance for the effect of sodium and 
potassium treatments on branch length and number of 
branches 
A. Branch Length (cm) B. No. of Branches 
F-test F-test 
sv df MS value MS value 
Treatment 19 114.53 31.023** 70. 18 20.203** 
Error 126 3.69 3.47 
** Significant at 99 percent confidence. 
Table 33. Analysis of variance for the effect of sodium and potassium treatments on dry/fresh 
weight ratio 
/\. Shoot B. Leaf C. Stem 
F-test F-tes t 
sv df MS value sv df MS value MS 
Treatment 19 0. l 39xl0 -2 5.449** Treatment 19 0.417x10-3 1. 174 0. 774xl0-3 
Error 126 0.2556xl0- 3 Error 17 0. 353xl0 -3 0. 661 xl0- 3 






Table 34. Analysis of variance for the effect of sodium and 
potassium treatments on leaf/stem weight ratio 
A. Leaf /stem Fresh Weight B. Leaf /stem 
F-test 
sv df MS value MS 
Treatment 19 0. 342 5. 479** 0. 339 
Error 18 0. 624xl0 -1 0.164 
** Significant at 99 percent confidence. 
Table 35. Analysis of variance for the effect of sodium and 






A. Chlorophyll content (mg) 
per gram, Leaf Fresh Weight 
B. Chlorophyll content 
(mg) per gram, Le~f 
Dry Weight 
F-test F-test 
sv df MS va 1 ue MS value 
Treatment 19 0. 131 6. 336** 13. 845 0.962 
Error 1 7 0.0207 14.392 
** Significant at 99 percent confidence 
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Table 36. Analysis of variance for the effect of sodium and 














at 99 percent confidence. 
8. Water utilized (g)
per gram shoot Fresh
Weight
F-test
MS value
25.25 11. 603**
2. 176
